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(54) Hybrid power transmission system for vehicles 



(57) A power transmission system comprising: a 
power synthesizing mechanism connected in a power 
transmitting manner to an electric motor and a power 
generator; and a speed change mechanism for chang- 
ing the rotating speed of the electric molor to transmit 



the motor torque to the power synthesizing mechanism. 
An arranging region forthe electric motor and an arrang- 
ing region for the power generator do not overlap on 
each other in the axial directions of the output shaft of 
the electric motor and the rotary shaft of the power gen- 
erator. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to a power trans- 
mission system including a power synthesizing mecha- 
nism connected to an electric motor and a power gen- 
erator. 

Related Art 

[0002] In the recent years, there has been proposed 
a hybrid vehicle, on which an engine for outpuuing a 
power by burning a fuel and an electric motor tor out- 
putting a power by feeding it with an electric power are 
mounted as a drive source of the vehicle. On the basis 
of various conditions, the hybrid vehicle is enabled to 
improve the fuel economy and to reduce the noise and 
the exhaust gas emission by controlling the drive/stop 
of the engine and the electric motor. 
[0003] One example of the hybrid vehicle having a 
plurality of drive sources mounted thereon is disclosed 
in Japanese Patent Laid-Open No. 8-183347 
(JPA8-1 83347). The disclosed hybrid vehicle is con- 
structed to include an engine, a power generator, a plan- 
etary gear unit, an electric motor and a differential. The 
output shaft of the engine and the rotor of the power 
generator are arranged concentrically with each other, 
and the planetary gear unit is arranged between the en- 
gine and the power generator. The planetary gear unit 
is equipped with a sun gearconnected to a rotor, a pinion 
gear meshing with the sun gear and a ring gear, and a 
carrier holding the pinion gear and connected to the out- 
put shaft of the engine. 

[0004] To the ring gear, moreover, there is connected 
the output shaft, which is equipped with a first gear. In 
parallel with the output shaft of the engine, there is dis- 
posed a counter shaft, which is equipped with a third 
gear and a fourth gear. The third gear meshes with the 
first gear. To the rotor of the electric motor, on the other 
hand, there is connected a second gear, which meshes 
with the third gear. Moreover the differential is equipped 
with a fifth gear, which meshes with the fourth gear. 
[0005] In the hybrid vehicle disclosed, moreover, the 
power outputled from the engine and the power output- 
ted from the electric motor are synthesized by the third 
gear, and the synthesized torque can be transmitted to 
the differential. Still moreover, the electric power, which 
is generated as the power generator is rotated, is stored 
in a battery. 

[0006] In the above-mentioned Japanese Patent 
Laid-Open, the second gear and the third gear function 
as the speed change mechanism to change the rotating 
speed of the electric motor and to synthesize the power 
of the electric motor and the power of the. engine, while 
being prepared for the case in which the demand for 



raising the output of the electric motor occurs. The ne- 
cessity for such a speed change mechanism raises a 
problem that the power transmission system is enlarged 
in size. 

5 

SUMMARY OF THE INVENTION 

[0007] A main object of the invention is to provide a 
power transmission system which can minimize the en- 
10 largement of the arranging spaces as a whole, when the 
speed change mechanism which controls the output of 
the electric motor is provided. 

[0008] According an aspect of the invention, there is 
provided a power transmission system comprising: a 

?5 power synthesizing mechanism connected in a power 
transmitting manner to an electric motor and a power 
generator; and a speed change mechanism for chang- 
ing the rotating speed of the electric motor to transmit 
the motor torque to the power synthesizing mechanism. 

20 An arranging region forthe electric motor and an arrang- 
ing region for the power generator do not overlap on 
each other in the axial directions of the output shaft of 
the electric motor and the rotary shaft of the power gen- 
erator. 

25 [0009] In the power transmission system of the inven- 
tion, the arranging region for the power generator and 
the arranging region for the electric motor in the axial 
directions do not overlap on each other so that the power 
generator and the electric motor can be prevented from 

3D contacting with each other even if at least one of the 
arranging spaces forthe power generator and the elec- 
tric motor is enlarged. It is, therefore, possible to change 
the capacity or rating of the power generator or the elec- 
tric motor arbitrarily. 

35 [0010] In the power transmission system of the inven- 
tion, moreover, the output shaft of the engine and the 
output shaft of the electric motor can be arranged in the 
transverse direction of a vehicle. 
[0011] According to the power transmission system 

40 thus constructed, the function of the electric motor can 
be changed by enlarging the external diameter of the 
electric motor. Therefore, the electric motor can be sup- 
pressed from becoming large in the axial direction, 
thereby to improve the mountability of the electric motor 

45 in the transverse direction of the vehicle. 

[0012] In the power transmission system of the inven- 
tion, moreover, the power synthesizing mechanism is 
constructed to include a first planetary gear mechanism 
having: a first sun gear; a first ring gear arranged on the 

50 outer side of the first sun gear; and a first carrier for hold- 
ing a first pinion gear meshing with the first sun gear and 
the first ring gear. 

[0013] In the power transmission system of the inven- 
tion, moreover, the speed change mechanism is con- 
55 structed to include a second planetary gear mechanism 
having: a second sun gear; a second ring gear arranged 
on the outer side of the second sun gear; and a second 
carrier for holding a second pinion gear meshing with 
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the second sun gear and the second ring gear. 
[0014] In the power transmission system of the inven- 
tion, moreover, the speed change mechanism is con- 
structed to have any of the second sun gear, the second 
ring gear and the second carrier fixed, so that the rotat- 5 
ing speed of the electric motor is changed to transmit 
the motor torque to the power synthesizing mechanism. 
[001 5] In the power transmission system of the inven- 
tion; moreover: the first carrier of the first planetary gear 
mechanism and an engine are connected to each other; 
the electric motor and the second sun gear of the second 
planetary gearmechanism are connected to each other; 
the second carrier of the second planetary gear mech- 
anism is fixed; and the first ring gear of the first planetary 
gearmechanism andthe second ring gear of the second 
planetary gear mechanism are connected to each other. 
[001 6] In the power transmission system of the inven- 
tion, moreover a first holding member for holding the 
first ring gear of the first planetary gear mechanism and 
the second ring gear of the second planetary gear mech- 
anism rotatably is arranged on the outer side of the first 
ring gear and the second ring gear. 
[0017] According to the power transmission system 
thus constructed, the first holding member, the first ring 
gear and the second ring gear are juxtaposed in the ra- 
dial direction so that the arranging spaces for those 
gears in the axial directions can be suppressed from be- 
coming large. Therefore, the mountability on the vehicle 
is improved. 

[001 8] In the power transmission system of the inven- 
tion, moreover, at least a portion of the arranging region 
for the first holding member and at least a portion of the 
arranging region for the electric motor overlap on each 
other in the axial direction of the output shaft of the elec- 
tric motor. 

[0019] According to the power transmission system 
thus constructed, the arranging spaces for the electric 
motor and the first holding member can be suppressed 
to suppress the arranging spaces for the parts in the ax- 
ial direction from becoming large. Therefore, the mount- 
ability on the vehicle is improved. 
[0020] In the power transmission system of the inven- 
tion, therefore, a rotary member for connecting the en- 
gine and the first carrier and the output shaft of the elec- 
tric motor are arranged on the common axis. 
[0021] According to the power transmission system 
thus constructed, the arranging space lor the electric 
motor in the radial directions of the rotary member and 
the output shaft is narrowed. 

[0022] In the power transmission system of the inven- 
tion, moreover, the output shaft of the electric motor and 
a rotary mcmbcrconncctcd to the engine are unconcen- 
trically arranged. 

[0023] In the power transmission system of the inven- 
tion, moreover: the speed change mechanism includes 
an internal gear; the first gear connected to the output 
shaft of the electric motor is arranged in the inside space 
of the internal gear; and the first gear and the internal 



4 

gear mesh with each other. 

[0024] According to the power transmission system 
thus constructed, it is possible to narrow the arranging 
spaces for the power synthesizing mechanism and the 
first gear in the radial direction and to enlarge the radius 
of the first gear. 

[0025] In the power transmission system of the inven- 
tion, moreover, a second holding memberfor holding the 
internal gear rotatably is arranged on the outer side of 
the internal gear. 

[0026] According to the power transmission system 
thus constructed, it is possible to shorten the arranging 
space for the internal gear and the second holding mem- 
ber in the axial directions. 

[0027] In the power transmission system of the inven- 
tion, moreover, at least a portion of the arranging region 
for the electric motor and at least a portion of the arrang- 
ing region for the second holding member overlap on 
each other in the axial direction of the output shaft of the 
electric motor. 

[0028] According to the power transmission system 
thus constructed, the arranging spaces for a coil of the 
electric motor and the second holding member in the 
axial directions can be shortened by making use of the 
dead space formed on the inner side of the coil in the 
radial direction of the electric motor. 
[0029] In the power transmission system of the inven- 
tion, moreover: there is provided a second gear made 
rotatable together with the first ring gear; the output 
shaft of the engine is connected to the first sur v gear; 
and the speed change mechanism includes the second 
gear, and a third gear for transmitting the power of the 
electric motor to the second gear. 
[0030] According to the power transmission system 
thus constructed, it is possible to shorten the arranging 
spaces for the speed change mechanism and the power 
synthesizing mechanism in the axial directions. 
[0031 ] In the power transmission system of the inven- 
tion, moreover: there are provided a fourth gear made 
rotatable together with the first ring gear, and a fifth gear 
made rotatable together with the fourth gear; the output 
shaft of the engine is connected to the first sun gear; the 
speed change mechanism includes the fourth gear, and 
a sixth gear for transmitting the power of the electric mo- 
tor to the fourth gear; and the power of the first ring gear 
and the power of the fourth gear are synthesized so that 
the synthesized power is transmitted through the fifth 
gear to wheels. 

[0032] According to the power transmission system 
thus constructed, the gear ratio between the second 
gear and the third gear can be set independently of the 
gear ratio on the side of the fourth gear. 
[0033] In the power transmission system of the inven- 
tion, in addition to the construction described above: 
there are provided a seventh gear made rotatable to- 
gether with the first ring gear, and an eighth gear mesh- 
ing with the seventh gear; thespeedchange mechanism 
includes the eighth gear, and a ninth gear for transmit- 
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ting the power of the electric motor to the eighth gear; 
and the power of the seventh gear and the power of the 
ninth gear are synthesized so that the synthesized pow- 
er is transmitted through the eighth gear to wheels. 
[0034] In the power transmission system of the inven- 
tion, moreover, a space for separating the arranging re- 
gion for the electric motor and the arranging region for 
the power generator is formed between the electric mo- 
tor and the power generator in the axial direction, and 
arranges the power synthesizing mechanism and the 
speed change mechanism therein. 
[0035] According to the power transmission system 
thus constructed, the space for separating the arranging 
region for the electric motor and the arranging region for 
tne power generator also functions as the spaces for ar- 
ranging the power synthesizing mechanism and the 
speed change mechanism. Therefore, the spaces for ar- 
ranging the power synthesizing mechanism and the 
speed change mechanism need not be especially 
formed to contribute to the size reduction of the power 
transmission system. 

[0036] I n the power transmission system of the inven- 
tion, moreover, there is comprised: a wound transmis- 
sion member made to run on the output member of the 
power synthesizing mechanism and an intermediate ro- 
tary member; a differential arranged concentrically with 
the intermediate rotary member; and a decelerating 
planetary gear mechanism arranged concentrically with 
the intermediate rotary member and the differential, 
and, when transmitting the power of the intermediate ro- 
tary member to the differential, transmitting the power 
by decelerating the rotating speed of the power. 
[0037] According to the power transmission system 
thus constructed, a rotary memberfor rotating on an axis 
different from the output member of the power synthe- 
sizing mechanism or the differential need not be dis- 
posed between the output member of the power synthe- 
sizing mechanism and the differential. Therefore, the 
number of parts of the power transmission system can 
be suppressed from increasing, to contribute to the size 
reduction and the light weight of the power transmission 
system. 

[0038] The above and further objects and novel fea- 
tures of the invention will more fully appear from the fol- 
lowing detailed description when the same is read with 
reference to the accompanying drawings. It is to be ex- 
pressly understood, however, that the drawings are for 
the purpose of illustration only and are not intended as 
a definition of the limits of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] 

Fig. 1 is a skeleton diagram showing one embodi- 
ment of a power transmission system of this inven- 
tion; 

Fig. 2 is a conceptional diagram showing an arrang- 



ing layout of parts in a power transmission route in 
the embodiment of the invention; 
Fig. 3 is a skeleton diagram showing another em- 
bodiment of a power transmission system of the in- 
5 vention; 

Fig. 4 is a skeleton diagram showing still another 
embodiment of a power transmission system of the 
invention; 

Fig. 5 is a conceptional diagram showing an arrang- 
10 ing layout of parts in the power transmission system 
of the invention; 

Fig. 6 is a skeleton diagram showing a further em- 
bodiment of a power transmission system of the in- 
vention; 

15 Fig. 7 is a skeleton diagram showing a iuriher em- 
bodiment of a power transmission system of the in- 
vention; 

Fig. 8 is a skeleton diagram showing a further em- 
bodiment of a power transmission system of the in- 
20 vention; 

Fig. 9 is a skeleton diagram showing a further em- 
bodiment of a power transmission system of the in- 
vention; 

Fig. 10 is a conceptional diagram showing an ar- 
25 ranging layout of parts in the power transmission 
system of the invention; and 

Fig. 11 is a skeleton diagram showing a further em- 
bodiment of a power transmission system of the in- 
vention. 

30 - 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0040] This invention will be specifically described 

35 with reference to the accompanying drawings. Fig. 1 is 
a skeleton diagram showing a power transmission sys- 
tem of an FF (Front-engine/Front-drive) type hybrid ve- 
hicle according to one embodiment of the invention. In 
Fig. 1 , reference numeral 1 designates an engine, which 

40 can be exemplified by an internal combustion engine 
such as a gasoline engine, a Diesel engine, an LPG en- 
gine, a methanol engine or a hydrogen engine. 
[0041] This embodiment will be conveniently de- 
scribed on the case in which the gasoline engine is used 

45 as the engine 1 . This engine 1 is a device for outputting 
a drive power from a crankshaft 2 when the fuel is 
burned, and is of the well-known type which is equipped 
with an intake unit, an exhaust unit, a fuel injection unit, 
an ignition unit and a cooling unit. The crankshaft 2 is 

50 arranged horizontally in the transverse direction of the 
vehicle. The crankshaft 2 is equipped with a flywheel 3 
at its rear end portion. 

[0042] To the outer wall of this engine 1 , there is at- 
tached a hollow transaxle case 4. This transaxle case 4 
55 is equipped with an engine side housing 70, an exten- 
sion housing 71 and an end cover 72. These engine side 
housing 70, extension housing 71 and end cover 72 are 
molded of a metallic material such as aluminum. With 
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one open end 73 of the engine side housing 70 and the 
engine 1 contacting with each other, moreover, the en- 
gine 1 and the engine side housing 70 are fixed to each 
other. 

[0043] Moreover the extension housing 71 is ar- 
ranged between the engine side housing 70 and the end 
cover 72. With the other open end 74 of the engine side 
housing 70 and one open end 75 of the extension hous- 
ing 71 contacting with each other, still moreover the en- 
gine housing 70 and the extension housing 71 are fixed 
to each other. Furthermore, the end cover 72 and the 
extension housing 71 are so fixed to each other that the 
end cover 72 is attached to close the other open end 76 
of the extension housing 71 . 

[0044] Inside G1 of the transaxle case 4, there are 
mounted an input shaft 5, a first motor/generator 6, a 
power synthesizing mechanism 7, a speed change 
mechanism 8 and a second motor/generator 9. The in- 
put shaft 5 is arranged concentrically with the crankshaft 
2. To the end portion of the input shaft 5 on the side of 
the crankshaft 2, there is splined a clutch hub 10. 
[0045] There is provided a clutch 11 for controlling the 
power transmission state between the flywheel 3 and 
the input shaft 5. There is also provided a damper mech- 
anism 12 for suppressing/absorbing the torque fluctua- 
tion between the flywheel 3 and the input shaft 5. The 
first motor/generator 6 is arranged outside of the input 
shaft 5, and the second motor/generator 9 is arranged 
at a position farther from the engine 1 than the first mo- 
tor/generator 6. 

[0046] Specifically the first motor/generator 6 is ar- 
ranged between the engine 1 and the second motor/ 
generator 9. The first motor/generator 6 and the second 
motor/generator 9 are provided with: a function (or a 
power function) acting as an electric motor to be activat- 
ed when an electric power is fed; and a function (or a 
regenerative function) acting as a power generator to 
convert a mechanical energy into an electric energy. As 
the first motor/generator 6 and the second motor/gen- 
erator 9, there can be used an AC synchronous type 
motor/generator, for example. A power feed unit for 
feeding the electric power to the first motor/generator 6 
and the second motor/generator 9 can be exemplified 
by a capacitance unit such as a battery or a capacitor, 
or a well-known fuel cell. 

[0047] Here will be specifically described the ar- 
ranged position and the construction of the first motor/ 
generator 6. On the innerside of the engineside housing 
70, there is formed a partition 77 which is extended to- 
ward the side of the engine 1 and then toward the side 
of the input shaft 5. On the partition 77, moreover, there 
is fixed a case cover 78. This case cover 78 has a shape, 
in which it is extended apart from the engine 1 and then 
toward the side of the input shaft 5. Moreover, the first 
motor/generator 6 is arranged in a space G2 defined by 
the partition 77 and the case cover 78. The first motor/ 
generator 6 is equipped with a stator 1 3 fixed on the side 
of the transaxle case 4, and a rotatable rotor 14. The 



stator 13 is equipped with an iron core 15 fixed on the 
partition 77, and a coil 1 6 wound on the iron core 1 5. 
[0048] The stator 1 3 and the rotor 1 4 are constructed 
by laminating a plurality of electromagnetic steel sheets 

5 of a predetermined thickness in theirthickness direction. 
Here, the plurality of electromagnetic steel sheets are 
laminated in the axial direction of the input shaft 5. More- 
over, the two ends of the coil 16 of the first motor/gen- 
erator 6 in the axial direction of the input shaft 5 defines 

10 an arranging region L1 of the first motor/generator 6 in 
the axial direction of the input shaft 5. Around this input 
shaft 5, on the other hand, there is mounted a hollow 
shaft 17. These input shaft 5 and hollow shaft 17 are 
made rotatable relative to each other. The rotor 14 is 

15 connected to the outer circumference of the hollow shaft 
17. 

[0049] Moreover, the power synthesizing mechanism 
(or the power dividing mechanism) 7 is interposed be- 
tween the first motor/generator 6 and the second motor/ 

20 generator 9. This power synthesizing mechanism 7 is 
provided with the so-called "single pinion type planetary 
gear mechanism 7A n . Specifically, this planetary gear 
mechanism 7A is equipped with a sun gear 18, a ring 
gear 19 arranged concentrically with the sun gear 18, 

25 and a carrier 21 holding a pinion gear 20 meshing with 
the sun gear 1 8 and the ring gear 1 9. Moreover, the sun 
gear 1 8 and the hollow shaft 1 7 are connected to each 
other, and the carrier 21 and the input shaft 5 are con- 
nected to each other. Here, the ring gear 19 is formed 

30 on the inner circumference side of an annular membei 
(or a cylindrical member) 22 arranged concentrically 
with the input shaft 5, and a counter drive gear 23 is 
formed on the outer circumference side of the annular 
member 22. 

35 [0050] On the outer circumference of the input shaft 
5, on the other hand, there is mounted a hollow shaft 24 
rotatably, and the second motor/generator 9 is arranged 
on the outer circumference side of the hollow shaft 24. 
Here will be specifically described the arrangement and 

40 the construction of the second motor/generator 9. On 
the inner face of the extension housing 71, there is 
formed a partition 79 which is extended toward the side 
of the input shaft 5. Moreover, the second motor/gener- 
ator 9 is arranged in a space G3 which is defined by the 

45 extension housing 71 , the partition 79 and the rear cover 
72. 

[0051 ] The second motor/generator 9 is provided with 
a stator25 fixed on the transaxle case 4, and a rotatable 
rotor 26. The stator 25 is equipped with an iron core 27, 

50 and a coil 28 wound on the iron core 27. The stator 25 
and the rotor 26 are constructed by laminating a plurality 
of electromagnetic steel sheets of a predetermined 
thickness in theirthickness direction. Here, the plurality 
of the electromagnetic steel sheets are laminated in the 

55 axial direction of the input shaft 5. Moreover, the two 
ends of the coil 28 of the second motor/generator 9 in 
the axial direction of the input shaft 5 define the arrang- 
ing region L2 of the second motor/generator 9 in the ax- 
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ial direction of the input shaft 5 Here, the rotor 26 is 
connected to the outer circumference side of the hollow 
shaft 24. Thus, the first motor/generator 6, the power 
synthesizing mechanism 7 and the second motor/gen- 
erator 9 are arranged concentrically with one another. 
[0052] The speed change mechanism 8 is arranged 
in the axial direction of the input shaft 5 between the 
power synthesizing mechanism 7 and the second mo- 
tor/generator 9 : and is provided with the so-called "sin- 
gle pinion type planetary gear mechanism 8A". Specif- 
ically, this planetary gear mechanism 8A is equipped 
with a sun gear 29, a ring gear 30 arranged concentri- 
cally with the sun gear 29 and formed on the inner cir- 
cumference portion of the annular member 22, and a 
carrier 32 hoiding a pinion gear 31 meshing with ihe sun 
gear 29 and the ring gear 30. 

[0053] This carrier 32 is fixed on the transaxle case 4. 
On the outer circumference side of the annular member 
22, moreover, there are mounted the inner rings of bear- 
ings 33 and 33A on the two axial sides of the counter 
drive gear 23. Moreover, the bearing 33 arranged on the 
side of the second motor/generator 9 is arranged in the 
space inside of the coil 28 in the radial direction of the 
hollow shaft 24. Thus, the power synthesizing mecha- 
nism 7 and the speed change mechanism 8 are dis- 
posed in the axial direction of the input shaft 5 in a space 
J1 between an arranging region L1 and an arranging 
region L2. 

[0054] In the transaxle case 4, on the other hand, 
there is disposed a counter shaft 34 in parallel with the 
input shaft 5. On this counter shaft 34, there are formed 
a counter driven gear 35 and a final drive pinion gear 
36. Moreover, the counter drive gear 23 and the counter 
driven gear 35 are made to mesh with each other. In the 
transaxle case 4, moreover, there is disposed a differ- 
ential 37. This differential 37 is equipped with a final ring 
gear 39 formed on the outer circumference side of a dif- 
ferential case 38, a plurality of pinion gears 41 connect- 
ed and fitted to the differential case 38 through a pinion 
shaft 40, side gears 42 meshing with a plurality of the 
pinion gears 41 , and two front drive shafts 43 connected 
to the side gears 42. Front wheels 44 are connected to 
the individual front drive shafts 43. Thus in the transaxle 
case 4, there is constructed the so-called "transaxle", in 
which the speed change mechanism 8 and the differen- 
tial 37 are assembled together. 

[0055] Fig. 2 is a side elevation showing a layout of 
the parts constructing the power transmission route 
shown in Fig. 1 . In Fig. 2, the tefthand side indicates the 
forward of the vehicle, and the righthand side indicates 
the backward of the vehicle. As shown in Fig. 2, the cent- 
er of rotation B1 of the counter shaft 34 is arranged back- 
ward of the center of rotation A1 of the crankshaft 2, the 
input shaft 5 and the hollow shafts 17 and 24, and the 
center of rotation C1 of the side gear 42 of the differential 
37 is arranged backward of the rotation center B1 . More- 
over, the rotation center A1 is arranged at a lower posi- 
tion than that of the rotation center B1 and at a higher 



3 067A2 10 

position than that of the rotation center C1 
[0056] Although not shown, there is provided an elec- 
tronic control unit for controlling the entire vehicle. This 
electronic control unit is constructed of a microcomputer 

5 which is mainly composed of a processing unit (e.g., 
CPU or MPU), memory units (e.g., RAM and ROM) and 
an input/output interface. To this electronic control unit, 
there are inputted the signal of an ignition switch, the 
signal of an engine speed sensor, the signal of a brake 

10 switch, the signal of a vehicle speed sensor the signal 
of an accelerator opening sensor, the signal of a shift 
position sensor, the signals of resolvers for detecting the 
rotation frequency of the first motor/generator 6 and the 
second motor/generator 9, and so on. From the elec- 

'5 tronic control unii, on the other hand, there are outputted 
the signals for controlling the intake air the fuel injection 
rate and the ignition timing of the engine 1 , the signals 
for controlling the outputs of the first motor/generator 6 
and the second motor/generator 9, the signals forcon- 

20 trolling the (not-shown) actuator to apply/release the 
clutch 11 , and so on. 

[0057] Here will be described the correspondences 
between the construction of the embodiment shown in 
Fig. 1 and the construction of the invention. The second 

25 motor/generator 9 corresponds to the electric motor of 
the invention; the first motor/generator 6 to the power 
generator of the invention; the crankshaft 2 and the hol- 
low shaft 24 to the output shaft of the invention; the sun 
gear 18 to the first sun gear of the invention; the ring 

30 gear 1 --5 to the first ring gear of the invention; the pinion 
gear 20 to the first pinion gear of the invention; and the 
carrier 21 to the first carrier of the invention. 
[0058] Moreover: the planetary gear mechanism 7A 
corresponds to the first planetary gear mechanism of the 

35 invention; the sun gear 29 to the second sun gear of the 
invention ; the ring gear 30 to the second ring gear of the 
invention; the pinion gear 31 to the second pinion gear 
of the invention; the carrier 32 to the second carrier of 
the invention; the planetary gear mechanism 8A to the 

40 second planetary gear mechanism of the invention; the 
bearing 33 to the first holding member of the invention; 
the input shaft 5 to the rotary member of the invention; 
the coil 28 of the second motor/generator 9 to at least 
portion of the electric motor of the invention; and the hol- 

45 low shaft 17 and the rotor 14 to the rotary shaft of the 
power generator of the invention. 

[0059] In the hybrid vehicle thus constructed, on the 
basis of the conditions such as the vehicle speed and 
the accelerator opening, the demand torque to be trans- 

50 mitted to the front wheels 44 is calculated, so that the 
engine 1 , the clutch 11, the first motor/generator 6 and 
the second motor/generator 9 are controlled on the ba- 
sts of the calculation result. When the torque outputted 
from the engine 1 is transmitted to the front wheels, the 

55 clutch 11 is applied. Then, the power (or the torque) of 
the crankshaft 2 is transmitted through the input shaft 5 
to the carrier 21 . 

[0060] The torque transmitted to the carrier 21 is fur- 
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ther transmitted through the ring gear 19, the annular 
member 22, the counter drive gear 23, the counter driv- 
en gear 35. the counter shaft 34. the final drive pinion 
gear 36 and the differential 37 to the front wheels 44 so 
that it establishes the drive force. When the torque of 
the engine 1 is transmitted to the carrier 21 , on the other 
hand, the first motor/generator 6 could be caused to 
function as a power generator to charge an (not-shown) 
accumulator with the generated electric power. 
[0061 ] Moreover, the second motor/generator 9 could 
be activated as an electric motor to transmit its power 
to the power synthesizing mechanism 7. When the pow- 
er of the second motor/generator 9 is transmitted 
through the hollow shaft 24 to the sun gear 29 of the 
speed change mechanism 8, the carrier 32 acts as a 
reaction element so that the ring gear 30 rotates back- 
ward of the rotating direction of the sun gear 29 while 
being decelerated relative to the sun gear 29. Thus, the 
power of the engine .1 and the power of the second mo- 
tor/generator 9 are inputted to and synthesized by the 
power synthesizing mechanism 7 so that the synthe- 
sized power is transmitted to the front wheels 44. 
[0062] In the embodiment of Figs. 1 and 2, the torque 
of the second motor/generator 9 can be amplified and 
transmitted to the power synthesizing mechanism 7 by 
decelerating its speed. It is, therefore, unnecessary to 
design the size or rating (e.g., the size of the second 
motor/generator 9 in the radial direction of the hollow 
shaft 24 and the length of the second motor/generator 
9 in the axial direction of the hollow shaft 24) of the sec- 
ond motor/generator 9 itself in advance to a larger value, 
while being prepared for the case in which the output of 
the second motor/generator 9 has to be raised. There- 
fore, it is possible to reduce the size and weight of the 
second motor/generator 9. 

[0063} Therefore, the radial and axial arranging spac- 
es of the second motor/generator 9 are suppressed to 
improve the mountability of the transaxle case 4 on the 
vehicle, more specifically, the mountability in the trans- 
verse, longitudinal and vertical directions of the vehicle. 
Moreover, the speed change mechanism 8 makes it 
possible to suppress the increase more than the prede- 
termined highest value in the rotation frequency of the 
second motor/generator 9 and to suppress the reduction 
in the durability of bearings or the like holding the hollow 
shaft 24. 

[0064] Moreover, the bearing 33 holding the annular 
member 22 is arranged on the outer side of the annular 
member 22. Therefore, the arranging spaces for the 
power synthesizing mechanism 7 and the speed change 
mechanism 8 are shortened in the axial direction of the 
hollow shafts 1 7 and 24 so that the mountability of the 
transaxle case 4 in the transverse direction of the vehi- 
cle is better improved. Moreover, the bearing 33 is ar- 
ranged on the inner side of the coil 28 in the radial di- 
rection of the hollow shaft 24. In other words, the bearing 
33 is arranged by making use of the dead space inside 
of the coil 28 so that the arranging space for the second 



motor/generator 9 and the arranging space for the bear- 
ing 33 can be overlapped at least partially in the axial 
direction. Therefore, the arranging space for the 
transaxle case 4 in the transverse direction of the vehi- 

5 cle can be shortened to improve the mountability better. 
[0065] Still moreover, the input shaft 5, the hollow 
shaft 1 7 and the hollow shaft 24 are concentrically ar- 
ranged so that their arranging spaces in the radial direc- 
tion are more narrowed to improve the mountability of 

10 the transaxle case 4 in the longitudinal or height direc- 
tion of the vehicle. Furthermore, the first motor/genera- 
tor 6 and the second motor/generator 9 are arranged at 
the different positions in the axial direction. In the axial 
direction of the input shaft 5, more specifically, the first 

is motor/generator 6 and the second motor/generator 9 
are so set at their arranged positions that their arranging 
regions L1 and L2 may not overlap. Even if the radial 
sizing (i.e., the external diameters) of the first motor/ 
generator 6 and the second motor/generator 9 is set in- 

20 dependency of their relative sizes, therefore, these two 
motor/generators 6 and 9 can be prevented from con- 
tacting with each other. 

[0066] In the axial direction of the input shaft 5, more- 
over, the power synthesizing mechanism 7 and the 

25 speed change mechanism 8 are arranged in the space 
J1 which is formed to prevent the interference between 
the arranging region L1 of the first motor/generator 6 
and the arranging region L2 of the second motor/gener- 
ator 9. In other words, the space J1 between the first 

30 motor/generator 6 and the second motor/generator 9 al- - 
so acts the arranging spaces for the power synthesizing 
mechanism 7 and the speed change mechanism 8. By 
making use of the space (or the dead space) formed in 
the transaxle case 4, therefore, the power synthesizing 

35 mechanism 7 and the speed change mechanism 8 can 
be arranged to suppress the transaxle case 4 from being 
large-sized in the axial and radial directions of the input 
shaft 5. Therefore, it is possible to prevent the deterio- 
ration in the mountability of the transaxle case 4 on the 

40 vehicle. 

[0067] In case the power generating capacity or the 
torque capacity of the first motor/generator 6 is to be 
changed, there is not only a first method for changing 
the external diameter of the stator 15 but also a second 

45 method for changing the layer number of the electro- 
magnetic steel sheets composing the rotor 14 and the 
stator 15. When this second method is adopted, the 
characteristics of the first motor/generator 6 can be 
changed by changing not the external diameter of the 

so first motor/generator 6 but the axial length of the input 
shaft 5. 

[0068] When the number of the electromagnetic steel 
sheets composing the rotor 14 and the stator 15 is 
changed, the length of the first motor/generator 6 in the 
55 axial direction of the input shaft 5 changes. By using the 
case cover 78 which is accordingly changed in the size 
such as the depth or length in the axial direction of the 
input shaft 5, therefore, it is possible to mount the case 
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rrvn 7R and !o assemble the transaxle as a whole. 
(0069) In this case, it is unnecessary to change the 
i.'Mpe and structure of the engine side housing 70. Spe- 
oitcniiy the engine side housing 70 need not be 
cringed even when the number of electromagnetic 
steel sheets of the first motor/generator 6 is changed. 
When the second method is adopted, moreover, the coil 
1 6 »s changed in its winding length but not in its winding 
dimeter. Even when a plurality of first motor/generators 
6 having different characteristics are to be manufac- 
tured by adopting the second method, moreover, it is 
possible to use all the electromagnetic steel sheets 
composing the rotor 14 and the stator 15 and the parts 
of tnc coil 16 commonly (or in series). 
[0070] in case the power generating capacity or the 
lo-quc capacity ol the second motor/generator 9 is to be 
cranged cn the other hand, there is not only a first 
method for changing the external diameter of the stator 
27 but also a second method for changing the layer 
nuMtUoi o! the electromagnetic steel sheets composing 
the rotoi 26 and the stator 27. When this second method 
is adopted the characteristics of the second motor/gen- 
cf itoi 0 can be changed by changing not the external 
d».imctc of the second motor/generator 9 but the axial 
lonqin o' the input shaft 5. 

(0071 J When this second method is adopted, there is 
used the rear cover 72 which has been changed in the 
*u/o Mich as the depth or length in the axial direction of 
the input shaft 5 in accordance with the change in the 
length of the second motor/generator 9 in the axial di- 
rection of the input shaft 5. Therefore, it is possible to 
mount the rear cover 72 on the extension housing 71 
ard to assemble the transaxle as a whole. 
(0072) In this case, it is unnecessary to change the 
srapc and structure of the extension housing 71. Spe- 
cifically the extension housing 71 need not be changed 
even when the number of electromagnetic steel sheets 
of the second motor/generator 9 is changed. When the 
second method is adopted, moreover, the coil 28 is 
cringed m its winding length but not in its winding di- 
ameter Even when a plurality of second motor/genera- 
to-s 9 having different characteristics are to be manu- 
factured by adopting the second method, moreover, it is 
possible to use all the electromagnetic steel sheets 
composing the rotor 26 and the stator 27 and the parts 
of the coil 28 commonly (or in series). 
[0073] When the second method is adopted for man- 
ufacturing various first motor/generators 6 and second 
moto'/generators 9 having different characteristics in 
accordance with various conditions (e.g., a vehicle kind, 
specifications, a power generation demand or a drive 
demand), it is unnecessary to change the steps and fa- 
cilities for assembling the transaxle. Even when the first 
and second motor/generators 6 and 9 having different 
axial lengths are manufactured and assembled with the 
transaxle case 4 therefore, a common manufacture line 
can tend them sufficiently to improve the productivity of 
the transaxle while suppressing the rise in the produc- 
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tion cost. 

[0074] Fig. 3 is a skeleton diagram showing another 
embodiment of the invention. In Fig. 3, the description 
of the components similar to those of Fig. 1 will be omit- 

5 ted by designating them by the same reference numer- 
als as those of Fig. 1 . In Fig. 3, the annular member 22 
and the carrier 32 of the planetary gear mechanism 8A 
are so connected that they can rotate together. Moreo- 
ver, the ring gear 30 of the planetary gear mechanism 

10 8A is fixed on the side of the transaxle case 4. Still more- 
over, the carrier 32 is rotatably held by the bearing 33. 
This bearing 33 has its external diameter set smaller 
than the internal diameter of the coil 28 of the second 
motor/generator 9. Therefore, the bearing 33 is ar- 

'5 ranged on the inner side than the coil 28 of the second 
motor/generator 9. 

[0075] When the power is outputted from the second 
motor/generator 9 in the embodiment of Fig. 3, the ring 
gear 30 of the planetary gear mechanism 8A acts as the 

20 reaction element so that the carrier 32 and the annular 
member 22 are decelerated together with respect to the 
sun gear 29 and are rotated in the same direction as 
that of the sun gear 29. In short, the torque of the second 
motor/generator 9 is amplified and transmitted to the 

25 power synthesizing mechanism 7. Thus in the embodi- 
ment of Fig. 3, too, actions and effects similar to those 
of Fig. 1 can be attained because of the construction 
substantially similar to that of the embodiment of Fig. 1 . 
[0076] Fig. 4 is a skeleton diagram showing still an- 

30 other embodiment of the invention. In Fig. 4, the descrip- 
tion of the components similar to those of Fig. 1 will be 
omitted by designating them by the same reference nu- 
merals as those of Fig. 1 . In Fig. 4, the rotor 26 of the 
second motor/generator 9 is connected to the outer cir- 

35 cumference portion of a shaft 45. This shaft 45 is ar- 
ranged generally horizontally in the transverse direction 
of the vehicle. The axis of the shaft 45 and the axis of 
the input shaft 5 and the hollow shaft 1 7 are radially dis- 
placed from each other. In other words, the shaft 45 is 

40 radially offset with respect to the input shaft 5 and the 
hollow shaft 17. 

[0077] Specifically, the first motor/generator 6 and the 
second motor/generator 9 are arranged at different po- 
sitions in the axial direction of the shaft 45, the input 

45 shaft 5 and the hollow shaft 17. More specifically, the 
first motor/generators 6 and the second motor/genera- 
tor 9 are so set in their arranged positions that the ar- 
ranging region of the first motor/generator 6 and the ar- 
ranging region of the second motor/generator 9 may not 

50 overlap in the axial direction. Moreover, the rotation 
center of the first motor/generator 6 and the rotation 
center of the second motor/generator 9 are offset in the 
radial directions of the individual shafts. Moreover, a 
gear 46 is formed at the end portion of the shaft 45 on 

55 the side of the power synthesizing mechanism 7. 

[0078] To the annular member 22 of the power syn- 
thesizing mechanism 7, on the other hand, there is in- 
tegrally connected a shaft 47. This shaft 47, the input 



8 



iSDOCID: <EP 1223067A2 I > 



15 



EP 1 223 067 A2 



16 



shaft 5 and the hollow shaft 1 7 are arranged on the com- 
mon axis. On the shaft 47, moreover, there is formed a 
gear 48, which meshes with the gear 46. These gears 

46 and 48 are so constructed that the gear ratio of the 
case in which the power is transmitted from the gear 46 
to the gear 48 may be at "1" or more. Specifically, in the 
embodiment of Fig. 4, the gears 46 and 48 and the shaft 

47 construct the speed change mechanism 8. 
[0079] Fig. 5 is a side elevation showing one example 
of the layout of the parts shown in Fig. 4. In Fig. 5. the 
description of the components similar to those of Fig. 2 
will be omitted by designating them by the same refer- 
ence numerals as those of Fig. 2. In Fig. 5, the center 
of rotation D1 of the second motor/generator 9 and the 
shaft 45 is arranged on a virtual arc E1 around the ro- 
tation center A1 . 

[0080] Here will be described the actions of the em- 
bodiment of Fig. 4. When the power of the second motor/ 
generator 9 is transmiUed through the shaft 45 to the 
gear 46, the shaft 47 rotates according to the gear ratio 
between the gear 46 and the gear48. In short, the torque 
of the second motor/generator 9 is amplified and trans- 
mitted to the power synthesizing mechanism 7. In the 
embodiment of Fig. 4, therefore, there can also be at- 
tained effects similar to those of the embodiment of Fig. 
1 Here in the embodiment of Fig. 4, the components 
similar to those of the embodiment of Fig. 1 can attain 
actions and effects similar to those of the embodiment 
of Fig 1. 

[0C >1 ] In the embodiment of Fig. 4, moreover, the first 
motor/generator 6 and the second motor/generator 9 
are arranged at different positions in the transverse di- 
rection of the vehicle. More specifically, the arranged po- 
sitions of the first motor/generators 6 and the second 
mDtor/generator 9 are so set that the arranging region 
L1 of the first motor/generator 6 and the arranging re- 
gion 12 of the second motor/generator 9 may not over- 
lap in the axial direction. Therefore, no interference is 
caused in the radial direction between the first motor/ 
generator 6 and the second motor/generator 9. As illus- 
trated in Fig. 5.. therefore, the arranged position of the 
rotation center D1 of the second motor/generator 9, i.e., 
the position and height in the longitudinal direction of 
the vehicle can be arbitrarily set on the virtual arc E1 in 
accordance with the mounting space. Therefore, it is fa- 
cilitated to design the layout of the second motor/gen- 
erator 9 freely, and the mounlabilily of Ihe transmission 
is improved. 

[0082] Fig. 6 is a skeleton diagram showing a further 
embodiment of the invention. In Fig. 6, the description 
of the components similar to those of Figs. 1 and 4 will 
be omitted by designating them by the same reference 
numerals as those of Figs. 1 and 4. In Fig. 6, the ring 
gear 30 formed on the annular member 22 meshes with 
the gear 46 of the shaft 45. The gear 46 and the ring 
gear 30 are so constructed that the gear ratio of the case 
in which the power is transmitted from the gear46 to the 
ring gear 30 may be at "1 " or more. These gear 46 and 



ring gear 30 construct the speed change mechanism 8. 
[0083] There is also provided the bearing 33 for hold- 
ing the outer circumference of the end portion of the an- 
nular member 22 on the side of the second motor/gen- 
5 erator9. This bearing 33 has a smaller external diameter 
than that of the coil 28 of the second motor/generator 9. 
Therefore, the arranged position of the bearing 33 in the 
radial direction is located between the shaft 45 and the 
coil 28. In Fig. 6, the layout of the individual parts in the 
10 radial direction is similar to that of Fig. 5. Here will be 
described the corresponding relations between the con- 
struction of the embodiment of Fig. 6 and the construc- 
tion of this invention. The ring gear 30 corresponds to 
the internal gear of the invention; the gear 46 to the first 
gear of the invention; and the bearing 33 to the second 
holding member of the invention. 

[0084] The actions of the embodiment of Fig. 6 will be 
described in the following. When the power of the sec- 
ond motor/generator 9 is transmitted through the shaft 
45 to the gear 46, the torque is transmitted through the 
ring gear 30 to the annular member 22 so that the an- 
nular member 22 rotates while being decelerated rela- 
tive to the shaft 45. In short, the torque of the second 
motor/generator 9 is amplified and transmitted to the 
power synthesizing mechanism 7. In the embodiment of 
Fig. 6, therefore, effects similar to those of the embodi- 
ment of Fig. 1 can also be attained. Here in Fig. 6, the 
components similar to those of Figs. 1 , 4 and 5 can attain 
actions and effects similar to those of Figs. 1 , 4 and 5. 
[0085] According to the embodiment of Fig. 6, more- 
over, the gear ratio necessary for amplifying the torque 
of the second motor/generator 9 can be set by the speed 
change mechanism 8, and the gear 46 is arranged on 
the inner side of the ring gear 30. Therefore, the arrang- 
ing spaces for the power synthesizing mechanism 7 and 
the speed change mechanism 8 in the radial direction 
can be reduced to improve the mountability of the 
transaxle case 4 better. 

[0086] Here, the inter-axis distance between the shaft 
of the speed change mechanism 8 and the shaft of the 
second motor/generator 9 is restricted by the restriction 
on the arranging spaces for the components. In case 
both the gear on the speed change mechanism side and 
the gear on the second motor/generator side are made 
of external gears, therefore, it is probable that the exter- 
nal diameter of the gear connected to the second motor/ 
generator cannot be enlarged. In this case, there arises 
a problem that it is difficult to give a sufficient strength 
to the gear on the second motor/generator side. Another 
problem is that the meshing percentage between the 
gear on the second motor/generator side and the gear 
on the speed change mechanism side cannot be en- 
larged more than a predetermined value thereby to 
cause the gear noise. 

[0087] In the embodiment of Fig. 6, on the contrary, 
the gear 46 is arranged on the inner side of the ring gear 
30. With this construction, therefore, the gear 46 can be 
enlarged in its external diameterto enhance its strength 
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without enlarging the arranging space of the speed 
change mechanism 8 in the radial direction. At the same 
time, the meshing percentage of the gear 46 and the 
ring gear 30 can be set to a large value to suppress the 
generation of the gear noise. 

[0088] In the embodiment of Fig. 6, moreover, on the 
outerside of the annularmember22 having the ring gear 
30, there is mounted the bearing 33 for holding the an- 
nular member 22 rotatably. Therefore, the arranging 
spaces for the annular member 22 and the bearing 33 
in the axial direction are reduced to improve the mount- 
ability better. In the radial direction of the second motor/ 
generator 9, moreover, the bearing 33 is arranged on 
the inner side of the coil 28 so that the arranging spaces 
for the second motor/generator 9 and the bearing 33 in 
the transverse direction of the vehicle (or in the axial 
direction) are reduced to improve the mountability bet- 
ter. 

[0089] Fig. 7 is a skeleton diagram showing a further 
embodiment of the invention. In Fig. 7, the description 
of the components similar to those of Figs. 1 and 4 will 
be omitted by designating them by the same reference 
numerals as those of Figs. 1 and 4. In Fig. 7, the gear 
46 and the gear 23 mesh with each other. These gears 
46 and 23 are so constructed that the gear ratio of the 
case in which the power is transmitted from the gear 46 
to the gear 23 may be at "1" or more. These gears 46 
and 23 construct the speed change mechanism 8. In 
Fig 7, the layout of the individual parts in the radial di- 
rection is similar to that of Fig. 5. The corresponding re- 
lations between the construction of the embodiment of 
Fig. 7 and the construction of this invention will be de- 
scribed in the following. The gear 23 corresponds to the 
second gear of the invention, and the gear 46 corre- 
sponds to the third gear of the invention. 
[0090] Here will be described the actions of the em- 
bodiment of Fig. 7. When the power of the second motor/ 
generator 9 is transmitted through the shaft 45 to the 
gear 46, the annular member 22 is decelerated and ro- 
tated according to the gear ratio between the gear 46 
and the gear23. In short, the torque of the second motor/ 
generator 9 is amplified and transmitted to the power 
synthesizing mechanism 7. In the embodiment of Fig. 
7, therefore, there can also be attained effects similar to 
those of the embodiment of Fig. 1 . Here in Fig. 7, the 
components similar to those of Figs. 1 , 4 and 5 can attain 
actions and effects similar to those of Figs. 1, 4 and 5. 
[0091] Fig. 8 is a skeleton diagram showing a further 
embodiment of the invention. In Fig. 8, the description 
of the components similar to those of Figs. 1 , 4 and 7 
will be omitted by designating them by the same refer- 
ence numerals as those of Figs. 1 , 4 and 7. On the outer 
circumference of the annular member 22, as shown in 
Fig. 8, there are arranged on a common axis a gear 49 
and a counter drive gear 50. Of these, the gear 49 mesh- 
es with the gear 46. 

[0092] These gears 46 and 49 are so constructed that 
the gear ratio of the case in which the power is transmit- 



ted from the gear 46 to the gear 49 may be at "1" or 
more. These gears 46 and 49 construct the speed 
change mechanism 8. Moreover, the counter drive gear 
50 and the counter driven gear 35 mesh with each other. 

5 In Fig. 8, the layout of the individual parts is similar to 
that of Fig. 5. The corresponding relations between the 
construction of the embodiment of Fig. 8 and the con- 
struction of this invention will be described in the follow- 
ing. The gear 49 corresponds to the second gear of this 

10 invention; the gear 46 to the third gear of the invention; 
and the counter drive gear 50 to the fourth gear of the 
invention. 

[0093] Here will be described the actions of the em- 
bodiment of Fig. 8. When the power of the second motor/ 

'5 generator 9 is transmitted through the shaft 45 to the 
gear 46, the annular member 22 is decelerated to rotate 
according to the gear ratio between the gear 46 and the 
gear 49. Specifically, the torque of the second motor/ 
generator 9 is amplified and transmitted to the power. 

20 synthesizing mechanism 7. Moreover, the power of the 
engine 1 is transmitted like the embodiment of Fig. 1 to 
the annular member 22. When the power of the second 
motor/generator 9 is transmitted to the annular member 
22, the power of the engine 1 and the power of the sec- 

25 ond motor/generator 9 are synthesized by the annular 
member 22 and are transmitted through the counter 
drive gear 50 to the counter driven gear 35. Thus, in the 
embodiment of Fig. 8, too : there can be attained effects 
similar to those of the embodiment of Fig. 1 . Here in Fig. 

30 8, the components similar to those of Figs. 1, 4 and 5 
can attain actions and effects similar to those of Figs. 1 , 
4 and 5. 

[0094] In the embodiment of Fig. 8, moreover, there 
are separately provided the gear 49 forming part of the 
35 speed change mechanism 8, and the counter drive gear 
50 for transmitting the powers of the engine 1 and the 
second motor/generator 9, after synthesized, to the 
counter driven gear 35. Therefore, it is possible to set 
separately the gear ratio between the gear 46 and the 
40 gear 49 and the gear ratio between the counter drive 
gear 50 and the counter driven gear 35. Therefore, it is 
possible to tune the fuel consumption rate of the engine 
1 and the power performance of the vehicle arbitrarily. 
[0095] Fig. 9 is a skeleton diagram showing a further 
45 embodiment of the invention. In Fig. 9, the description 
of the components similar to those of Figs. 1 and 4 will 
be omitted by designating them by the same reference 
numerals as those of Figs. 1 and 4. in Fig. 9, the counter 
drive gear 23, the gear 46 and the counter driven gear 
50 35 mesh with each other. The gear 46 and the counter 
driven gear 35 are so constructed that the gear ratio of 
the case in which the power is transmitted from the gear 
46 to the counter driven gear 35 may be at "1" or more. 
These gears 46 and counter driven gear 35 construct 
55 the speed change mechanism 8. 

[0096] The layout of the individual parts in the radial 
direction, as corresponding to those of the embodiment 
of Fig. 9, is shown in Fig. 10. In Fig. 10, the description 
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of components similar to those of Figs. 2 and 5 will be 
omitted by designating them by the same reference nu- 
merals as those of Figs. 2 and 5. In the embodiment of 
Fig. 9, the gear 46 of the shaft45 and the counter driven 
gear 35 mesh with each other. Moreover, the first motor/ 
generator 6 and the second motor/generator 9 are ar- 
ranged at different positions in the axial direction. 
[0097] More specifically, the first motor/generator 6 
and the second motor/generator 9 are so set in their ar- 
ranged positions that the arranging region L1 of the first 
motor/generator 6 and the arranging region L2 of the 
second motor/generator 9 may not overlap. Therefore, 
the rotation center D1 can be arbitrarily set on a virtual 
arc F1 with reference to the rotation center B1 . Here in 
this embodiment of Fig. 9, the first planetary gear mech- 
anism 7A, the gear 23 and the counter driven gear 35 
construct the power synthesizing mechanism 7. 
[0098] Here will be described the corresponding rela- 
tions between the construction of the embodiment of 
Fig. 9 and the construction of this invention. The gear 
23 corresponds to the seventh gear of the invention; the 
counter driven gear 35 to the eighth gear of the inven- 
tion; and the gear 46 to the ninth gear of the invention. 
[0099] The actions of the embodiment of Fig. 9 will be 
described in the following. The power of the engine 1 is 
transmitted, as in the embodiment of Fig. 1 , to the first 
planetary gear mechanism 7A and further through the 
annular member 22 and the counter drive gear 23 to the 
counter driven gear 35. When the power ( of the second 
motor/ge: erator 9 is transmitted through the shaft 45 to 
the gear46, on the other hand, the rotating speed of the 
gear 46 is decelerated and the power is transmitted to 
the counter shaft 34. In short, the torque of the second 
motor/generator 9 is amplified and transmitted to the 
countershaft 34. 

[0100] Moreover, the power of the engine 1 and the 
power of the second motor/generator 9 are synthesized 
by the counter driven gear 35 so that the synthesized 
power is transmitted to the counter shaft 34. Thus, the 
embodiment of Fig. 9 can also attain effects similar to 
those of the embodiment of Fig. 1 . Here in Fig. 9, com- 
ponents similar to those of Figs. 1 and 4 can attain ac- 
tions and effects similar to those of Figs. 1 and 4. 
[0101] Moreover, the embodiment of Fig. 9 is con- 
structed such that the first motor/generator 6 and the 
second motor/generator 9 are arranged at different po- 
sitions in the axial direction, and such that the gear 46 
and the counter driven gear 35 mesh with each other. 
Therefore, the rotation center of the second motor/gen- 
erator 9 can be arbitrarily set on the virtual arc F1 illus- 
trated in Fig. 10. Therefore, it is facilitated to design the 
layout of the second motor/generator 9 around the coun- 
ter shaft 34 freely, and the mountability of the transmis- 
sion is improved. Here, it is natural that the relative po- 
sition relations between the input shaft 5 and the shaft 
45 are so set that the gear 46 and the counter drive gear 
23 may not contact with each other. 
[0102] Here, the individual embodiments thus far de- 



scribed can be basically adopted separately of one an- 
other, but at least their portions of each embodiments 
can also be interchanged with or added to one another. 
The foregoing individual embodiments have been de- 
5 scribed on the FF vehicle in which at least one of the 
powers of the engine 1 and the second motor/generator 
9 is transmitted to the front wheels 44. However, this 
invention can also be applied to either: an FR vehicle 
(Front-engine/Rear-drive vehicle), in which at least one 
10 of the powers of the engine 1 and the second motor/ 
generator 9 is transmitted to the (not-shown) rear 
wheels; or a four-wheel drive vehicle in which at least 
one of the powers of the engine 1 and the second motor/ 
generator 9 can be transmitted to the front wheels and 
'5 the rear wheels, in case the individual embodiments are 
thus applied to the FR vehicle or the four-wheel drive 
vehicle : it is natural that the powertransmission member 
such as the output shaft of the individual drive sources 
and the input shaft or the counter shaft is arranged to 
have its axis in the longitudinal direction of the vehicle. 
[0103] Moreover, the aforementioned individual em- 
bodiments are constructed such that the gear ratio, i.e., 
the ratio between the rotating speeds of the input mem- 
ber and the output member to be changed by the speed 
change mechanism may take a constant (or fixed) val- 
ue. It is, however, possible to adopt a speed change 
mechanism capable of changing the gear ratio. This 
speed change mechanism may be exemplified by either 
a discontinuous transmission or a continuously variable 
transmission, as is well known in the art. Moreover, this 
invention can also be applied to a vehicle in which the 
output shafts of the engine and the second motor/gen- 
erator are arranged toward the longitudinal direction of 
the vehicle. 

[0104] Fig. 1 1 is a skeleton diagram showing a further 
embodiment. In Fig. 11 the description of the same por- 
tions of the components as those of Fig. 1 will be omitted 
by designating them by the same reference numerals 
as those of Fig. 1 . Around the outer circumference por- 
tion of the annular member 22, there is formed a drive 
sprocket 60. On the outer circumference portion of the 
front drive shaft 43, on the other hand, there is rotatably 
fitted a hollow shaft 61 . This hollow shaft 61 and the front 
drive shaft 43 can rotate relative to each other, and a 
driven sprocket 62 is formed in the hollow shaft 61 . 
Moreover, a chain 63 is made to run on the drive sprock- 
et 60 and the driven sprocket 62. 

[0105] Moreover, the driven sprocket 62 and the dif- 
ferential 37 are coupled in a power transmitting manner 
by a planetary gear mechanism 64. This planetary gear 
mechanism 64 is equipped with a sun gear 65 formed 
on the hollow shaft 61, a ring gear 66 fixed on the 
transaxle case 4, and a carrier 68 holding a pinion gear 
67 meshing with the sun gear 65 and the ring gear 66. 
This carrier 68 and the differential case 38 are so cou- 
pled as to rotate together. Here: the drive sprocket 60 
corresponds to the output member of this invention; the 
driven sprocket 62 to the intermediate rotary member of 
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the invention; the planetary gear mechanism 64 to the 
decelerating planetary gear mechanism of the inven- 
tion; and the chain 63 to the wound transmission mem- 
ber of the invention. 

[0106] In the embodiment of Fig. 11 , the same com- 
ponents as those of Fig. 1 can attain actions and effects 
similar to those of the embodiment of Fig. 1 . In the em- 
bodiment of Fig. 11, moreover, the power transmission 
is made in the following manner between the annular 
member 22 and the differential 37. In case at least one 
of the powers of the engine 1 and the motor/generator 
9 is transmitted to the annular member 22, the torque of 
the annular member 22 is transmitted through the drive 
sprocket 60, the chain 63 , the driven sprocket 62 and 
the hollow shaft 61 to the sun gear 65 ot the planetary 
gear mechanism 64. Then, the ring gear 66 is fixed so 
that the carrier 68 and the differential case 38 are de- 
celerated to rotate relative to the sun gear 65. Here, the 
rotating direction of the sun gear 65 is identical to that 
of the carrier 68 and the differential case 38. 
[0107] In the embodiment of Fig. 11, moreover, the 
hollow shaft 24 and the input shaft 5 are arranged on 
the common axis, and the hollow shaft 24, the input shaft 
5 and the front drive shaft 43 are arranged in parallel 
with one another. From the embodiment of Fig. 11, 
moreover, there is omitted the counter shaft 34 which 
has been described in the embodiments of Figs. 1 to 1 0, 
sc that the number of parts can be accordingly reduced 
to contribute to the size reduction and the light weight. 
[0108] Here in the power transmission system shown 
in Figs 3. 4. 6 and 8 ; the counter drive gears 23 and 50, 
the counter driven gear 35, the counter shaft 34, the final 
drive pinion gear 36 and the ring gear 39 can also be 
replaced by the drive sprocket 60, the driven sprocket 
62 the chain 63 and the planetary gear mechanism 64 
ol Fig 11. 

[0109] Here will be enumerated the constructions 
characterizing this invention, as has disclosed on the 
basis of the foregoing specific embodiments. According 
to first means, specifically, there is provided a transaxle 
unit which comprises: a power synthesizing mechanism 
for synthesizing the powers of an engine and an electric 
motor to output the synthesized power; a speed change 
mechanism for changing the rotating speed of said elec- 
tric motor to transmit the motor torque to said power syn- 
thesizing mechanism; a power generator connected in 
a power Iransmilling manner to said power synthesizing 
mechanism; and a case (or a transaxle case) for hous- 
ing said electric motor and said power generator. The 
transaxle unit is characterized in that there are formed 
a plurality of kinds of covers (i.e., a rear cover and a 
case cover) which have different sizes in said axial di- 
rection in connection with at least one of the size chang- 
es of said electric motor and said power generator in the 
axial direction of the output shaft of said electric motor 
and the rotary shaft of said power generator, and which 
are to be attached to said case. 

[0110] According to second means, there is provided 



a transaxle unit assembling method for mounting in a 
case (or a transaxle case): a power synthesizing mech- 
anism for synthesizing the powers of an engine and an 
electric motor to output the synthesized power; a speed 
5 change mechanism for changing the rotating speed of 
said electric motor to transmit the motor torque to said 
power synthesizing mechanism; and a power generator 
connected in a power transmitting manner to said power 
synthesizing mechanism. The transaxle unit assem- 
10 bling method is characterized in that a plurality of kinds 
of covers (i.e., a rear cover and a case cover), which 
have different sizes in said axial direction in connection 
with at least one of the size changes of said electric mo- 
tor and said power generator in the axial direction of the 
15 output shaft of said eiectric moior and the rotary shaft 
of said power generator, and which are to be attached 
to said case, are attached to said case. 
[0111] A power transmission system comprising: a 
power synthesizing mechanism connected in a power 
20 transmitting manner to an electric motor and a power 
generator; and a speed change mechanism for chang- 
ing the rotating speed of the electric motor to transmit 
the motor torque to the power synthesizing mechanism. 
An arranging region forthe electric motor and an arrang- 
es jng region for the power generator do not overlap on 
each other in the axial directions of the output shaft of 
the electric motor and the rotary shaft of the power gen- 
erator. 

30 

Claims 

1. A power transmission system comprising: a power 
synthesizing mechanism connected in a power 

35 transmitting manner to an electric motor and a pow- 
er generator; and a speed change mechanism for 
changing the rotating speed of said electric motor 
to transmit a torque of the electric motorto said pow- 
er synthesizing mechanism, characterized: 

40 

in that an arranging region for said electric mo- 
tor and an arranging region for said power gen- 
erator do not overlap on each other in the axial 
directions of the output shaft of said electric mo- 
45 tor and the rotary shaft of said power generator. 

2. A power transmission system as set forth in Claim 
1, characterized: 

so in that the output shaft of said electric motor is 

arranged in the transverse direction of a vehi- 
cle. 

3. A power transmission system as set forth in Claim 
55 1 or 2, characterized: 

in that said power synthesizing mechanism in- 
cludes a first planetary gear mechanism hav- 
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ing: a first sun gear; a first ring gear arranged 
on the outer side of said first sun gear; and a 
first carrier for holding a first pinion gear mesh- 
ing with said first sun gear and said first ring 
gear. 

4. A power transmission system as set forth in any of 
Claims 1 to 3, characterized: 

in that said speed change mechanism in- 
cludes: a second planetary gear mechanism 
having: a second sun gear; a second ring gear 
arranged on the outer side of said second sun 
gear; and a second carrierfor holding a second 
pinion gear meshing with said second sun gear 
and said second ring gear. 

5. A power transmission system as set forth in Claim 

4, characterized: 

in that said speed change mechanism has any 
of said second sun gear, said second ring gear 
and said second carrier fixed, so that the torque 
of said electric motor is increased by said speed 
change mechanism and transmitted to said 
power synthesizing mechanism. 

6. A power transmission system as set forth in Claim 

5, characterized: 

in that the first carrier of said first planetary 
gear mechanism and an engine are connected 
to each other; in that said electric motor and the 
second sun gear of the second planetary gear 
mechanism are connected to each other; in that 
the second carrier of said second planetary 
gear mechanism is fixed; and in that the first 
ring gear of said first planetary gear mechanism 
and the second ring gear of said second plan- 
etary gear mechanism are connected to each 
other. 

7. A power transmission system as set forth in Claim 

6, characterized: 

In that a first holding member for holding the 
first ring gear of said first planetary gear mech- 
anism and the second ring gear of said second 
planetary gear mechanism rotatably is ar- 
ranged on the outer side of said first ring gear 
and said second ring gear. 

8. A power transmission system as set forth in Claim 

7, characterized: 

in that at least a portion of the arranging region 
for said first holding member and at least a por- 
tion of the arranging region for said electric mo- 



tor overlap on each other in the axial direction 
of the output shaft of said electric motor. 

9. A power transmission system as set forth in Claim 
5 6, characterized: 

in that a rotary member for connecting said en- 
gine and said first carrier and the output shaft 
of said electric motor are arranged on the com- 
10 mon axis. 

10. A power transmission system as set forth in any of 
Claims 1 to 8, characterized: 

15 m that the output shaft of said electric motor 

and a rotary member connected to said engine 
are offset from each other in the radial direction. 

11. A power transmission system as set forth in Claim 
20 10, characterized: 

in that said speed change mechanism includes 
an internal gear; in that the first gear connected 
to the output shaft of said electric motor is ar- 
25 ranged in the inside space of said internal gear; 

and in that said first gear and said internal gear 
mesh with each other. 

12. A power transmission system as set forth in Claim 
30 11, characterized: 

in that a second holding member for holding 
said internal gear rotatably is arranged on the 
outer side of said internal gear. 

35 

13. A power transmission system as set forth in Claim 
12, characterized: 

in that at least a portion of the arranging region 
40 for said electric motor and at least a portion of 

the arranging region for said second holding 
member overlap on each other in the axial di- 
rection of the output shaft of said electric motor. 

45 14. A power transmission system as set forth in Claim 
10, characterized: 



in that there is provided a second gear made 
rotatable together with said first ring gear; in 
so that the output shaft of said engine isconnected 

to said first sun gear; and in that said speed 
change mechanism includes said second gear, 
and a third gear for transmitting the power of 
said electric motor to said second gear. 

55 

15. A power transmission system as set forth in Claim 
10, characterized: 
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in that there are provided a fourth gear made 
rotatable together with said first ring gear, and 
a fifth gear made rotatable together with said 
fourth gear; in that the output shaft of said en- 
gine is connected to said first sun gear; in that 
said speed change mechanism includes said 
fourth gear, and a sixth gear for transmitting the 
power of said electric motor to said fourth gear; 
and in that the power of said first ring gear and 
the power of said fourth gear are synthesized 
so that the synthesized power is transmitted 
through said fifth gear to wheels. 

16. A power transmission system as set forth in Claim 
10, characterized: 

in that there are provided a seventh gear made 
rotatable together with said first ring gear, and 
an eighth gear mesh with said seventh gear; in 
that said speed change mechanism includes 
said eighth gear, and a ninth gear for transmit- 
ting the power of said electric motor to said 
eighth gear; and in that the power of said sev- 
enth gear and the power of said ninth gear are 
synthesized so that the synthesized power is 
transmitted through said eighth gear to wheels. 

17. A power transmission system as set forth in any of 
Claims 1 to 16, characterized: 

in that a space for separating the arranging re- 
gion for said electric motor and the arranging 
region for said power generator is formed be- 
tween said electric motor and said power gen- 
erator in the axial direction, and arranges said 
power synthesizing mechanism and said speed 
change mechanism therein. 

18. A power transmission system as set forth in any of 
Claims 1 to 16, characterized: 

by further comprising: a wound transmission 
member made to run on the output member of 
said power synthesizing mechanism and an in- 
termediate rotary member; a differential ar- 
ranged concentrically with said intermediate ro- 
tary member; and a decelerating planeLary gear 
mechanism arranged concentrically with said 
intermediate rotary member and said differen- 
tial and, when transmitting the power of the in- 
termediate rotary member to the differential, 
transmitting the power by decelerating the ro- 
tating speed of the power. 

19. A power transmission system as set forth in Claim 
17, characterized: 

by further comprising: a wound transmission 



member made to run on the output member of 
said power synthesizing mechanism and an in- 
termediate rotary member: a differential ar- 
ranged concentrically with said intermediate ro- 

5 tary member; and a decelerating planetary gear 

mechanism arranged concentrically with said 
intermediate rotary member and said differen- 
tial and, when transmitting the power of the in- 
termediate rotary member to the differential, 

10 transmitting the power by decelerating the ro- 

tating speed of the power. 
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